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FLOW OF SCIENTIFIC AND TECHNICAL INFORMATION:

THE RESULTS OF A RECENT MAJOR INVESTIGATION

by

A. F. Goodman
Senior Technical Staff to Vice President

Information Systems Subdivision
Space Systems Center

Douglas Aircraft Company
Huntington Beach, California

ABSTRACT

The investigation characterized the scientific and technical information needs

of 1, 500 scientists and engileers from 73 companies, 8 research institutes, V

and 2 universities; and the flow of scientific and technical information (flow

process) inherent in satisfying these needs. Interviewers asked 63 questions

in the following four subject areas: (1) the USER of scientific and technical

information, (2) the uier's most recent scientific or technical TASK, (3) the

user's general UTILIZATION of the information system, and (4) the user's

SEARCH AND ACQ-'ISITION process for information used in task performance.

Many studies have been performed, and much has been written, concerning

the flow process. The tendency has been to examine only small portions of

the process, or to speculate about large portions of the process in generali-

ties. Therefore, very little of a comprehensive, definitive, and unifying

nature actually has been said about the process. This investigation is the

fi-st attempt to obtain so much data on so large a portion of the process, and

its analysis i6 the first attempt to draw definitive and unifying conclusions

from such daLz..

Gonlh for the flow process, future analysis of the flow process, character-

ization of the flow process, and analysis of flow-process data are summarized.

In add't'or:, the goals and future analysis recommendations reflect work per-

formed by the author after completion of the study.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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INTRODUCTION

A major investigation to determine how scientists and engineers acquire

information has been recently completed. The objective of the investigation

was to characterize scientific and tec..inical information needs, and the flow

of scientific and technical information (flow nrocess) repnired to satisfy

these needs. The study's conclusions arc as important to individual organi-

zations as they are to the government, and as important to scientific and

technical management as they are to those directly concerned with the flow

process.

-Data were obtained by personal interviews, with a representative sample of

1.500 from a population of approximately 120. 000 scientists, engineers, and

technical personnel. These personnel were employed by 73 companies,

8 research institutes, and 2 universiiies. The Appendix lists participating

-organizations, with the number of personnel interviewed from each.

To ensure high-quality data, the interviewers were thoroughly trained, and

the interviews were carefully recorded and checked for accuracy and

consistency. The interviewers asked 63 questions in the following four

subject areas: (1) the USER of scientific and technical information, (2) the

user's most recent scientific or technical TASK, (3) the user's general

UTILIZATION of the information system, and (4) the user's SEARCH AND

ACQUISITION process ior information used in task performance.

Many studies have been performed, and much has been written, concerning

the flow process. The tendency has been to examine only small portions of

the process, or to speculate about large portiors of the process in generali-

ties. Therefore, very little of a comprehensive, definitive, and unifying

nature actually has been said about the process. This investigation is the

first attempt to obtain so much data on so large a portion of the process,

and its analysis is the first attempt to draw definitive and unifying conclusions

from such data. During this analysis, qualitative question responses were



transformed into nut erical form, a process model for rlationships aniong

questions was constructed and estimated, and numerical relalionship resultas

were transformed back to qualitative form.

Goals for the flov. proLess, future analysis of the flow process, character-

ization of the flow process, and analysis of flow-process data are discussed

in subsequent sections. This discussion sun•Inarizea the investigation, which

is completely dcsrrihrr' in Reference 1. In addition, the goals and future

analysis recommendations reflect work performed by the author after the

publication of Reference I.

Reference Z presents the application, to a process or system in general, of

the recon-mmnnde'd program for analysis and optimization. as well as the first

two portions of the analysis. Computer programs uied in the analysis are

documented in Reference 3.

The surveyed organizations constitute a reasonable cross-section of scientific

and technical organizations ii gcneral, alLthgh they wcre selected on thc

basis of bei|.g defense contractors (see Appendix). In the absence of a compar-

ably comprehensive and dcfinitivL investigation of the flow process in general,

it is informative to view the results of the study as generally indicative, if

not actually applicable.

For this rea5on, the terminology employed here has been selected to min-

rnize dependence upon the defense industry. The correspondence between the

terminology and that of Reference I is as follows:

9 User's salary level replaced user's equivalent GS rating.

I Documentation Center replaced Defense Documentation Center.

* Government Information Center replaced DOD Information Center.
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GOALS FOR TIlE FLOW PROCLSS

The conclusions of the investigation provide a set of goals for the flow pro-

ces, and a measure with which to evaluate a general information system.

Theme goals are supported by the characterization of the flow process below,

and the numerical results which appear in Volume Ill of Reference 1.

THE FLOW P"-ESS

Figure I ir helpful in visualizcing the goals described by the remain,;er of this

section. It represents either of the following processes-

* The flow process in task performance, when UTILIZATIUJN repre-
sents the utilization of the information s'dterm in task performance.

* The flow process in general, when TASK represents the user's
scientific or technical task in general.

FLOW PROCESS

SEARCH AND ACOUISITION PROCESS

RD IFUTILIZATION OF INFORMATION SYSTEMTECHNCALONFORATIO

INFORMATIO

' SOURCES OF

- • • INFORMATION

SCIENTIFIC A
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PHIl)(i-. TIHE' INFORMATION GAP

An inforntuation gap ixists 1, 'twit ihv O cvr o( mcit'itific .1nf Tut Ih it al

information, and the information yvstemn which as'r%-ts his needs. 'I his

information pap miu st be bridged if the kistr is to obtain highl-qua•!ity

info rmation.

REORIENT TilE USER AND TilE INFORMATION SYSTEM

Iluth the iik , *,, ,tw intorlatioi yoiviii n' erd to he reorienitud. St icntists

and vrnintirc a, ts!ptt iallý those in mianageeniuuit or those posasesing an --

advanced de grcu, nost h- tonmt, active ,tektc rs of high-quality itforri tat ion

se rvic-•s. For its part, the, infornmation s) stunl nitim t )t-On•e an a( tlvt.

Provider of high-liqualit) information aervic•y i ,, not nm.rely a passive doc-une nt I

repository.

EXPANI) 1THE I1NI-ORMATIoN BASE

An information base torn tI fot.inldat ion of thti informnation a)ysteni.n -Il

gene ral, it contains iiflormalion which is lonteptat[ and ri-.r.arch-orivnrtd.

Thu infornialion hasta has to hb expanded to inclhde design and p,-riormian-.e

information, and information which is developme, nt- and produttion-oriented,

RESTRUCTURE TIlE INFORMATION PASE

The infornmation base is conmposed of information inedia which convey the

inf, orziation. Fui Ilat musat part, thli e m-redia are written in formll, torltial ill

composition, and textual in layout. It n•ust b., re•tructured to int ude media

which are oral in form. informal antd sen•ifurmal in composition, and graphi-

cal in layout.

MAKE TIlE INFORMATION BASE 1-.IA-2XIIA.4

The information ha.se should be madtt flhxible to pe'rmit: i
* Information to be indexed, abstracted, alettively utrgani•td, and

selectively analyzt,.d

4IA I
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0 Information to be selectively repackaged in information media of
appropriate form, composition, and layout.

* Information media to be Indexed and abstracted,

MAKE THE INFORMATION BASE MOBILE

The informatlun base needs to be made mobile, so that information aware-

ness is automatic, rapid, and selective; and information acquisition is quick

* and easy.

EXPAND THE INFORMATION SYSTEM

- Expert personnel must be employed to expand the information system by

providing both information resources and connections with the informal

information system ("invisib.c colleges'). This expansion will add arn

entirely new dimension to the information system.

EXTEND THE INFORMATION SYSTEM

The information system has to be extended into the local work environment

by the automatic and selective dissemination of abstracts for media in the

information base, and listings of disciplinary areas with an expert's level

of competence in each area.

i .._.

I
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FUTURE ANALYSIS OF TIIE FLOW PROCESSýý

The investigation has generated a great deal of valuable data concerning the
flow process. Analysis of the data, despite funding and time limitations

inherent in an exploratory 3tudy, has yielded considerable insight into the

flow process. This analysis also indicates that certain portions of the flow

process nmerit additional investigation, and that certain portions of the

analysis merit refinenment.

A comuplex. but as-yet inLompletely characterized, relatio'iship exists

between the rluw protess and the performance of scientitit and tvchnital

tasks. To in;prove task performance (improve quality, reduce cost, or

shorten time), both the government and individual organizations have made

large investments in improvement of the flow process by improvement of the

information system (see Figure 1). Sufficient improvement in (optinm;zation

of) the flow prucas is achteved, when suftficient impprovement in (uptimiza-

tion oV) task performance is achieved.

'Therefore. the additional investigation should be performed in the framework

of a general program for analysis and optimization of the flow process with

respect to task performance.

The analysis provides the basis for this prmcgrani of analysis and tptiniira-

tion in the following manner;

"* A model of the flow process with which to plan investigations and
perform analyses.

"* An analytical approach to transform qualitative question responses
into numerical form, to construct and estimate a process model
for relationships among questions, and to transform the numerical
relationship results back to qualitative form.

The application of the first two porticns of the above -mentioned analytical

approach to a process or system in general is contained in Reference 2.

ý,The future analysis recommendations should be assigned priorities
according to the twin criteria of objectives and available resources.

7!



ADDITIONAL INVESTIGATION

Investigation of the following areas appears prom~ising:

0 The feasibility of the conclusionb, and their effect upon t~o' flow
-....- process.

0 The effect of the quality and tim-elinesis of information acquired upon
the quality, cost, and speed of task perfurmiance.

* The difficulties encountered in the utilization of the information
system, with an emphasis upon separating those attributable to

__.. ... ... inai-de the organization from those attributable to outside the
organization.

* The users who, though cognizant of curtain portions of thy informa-
tion system, do not use them.

The utilization of the in~focmrtation ryttetr in task pe rformance.

* Those areas suggested bY refined analysib of the data.

PROGRAM FOR~ ANALYSIS AND) OPT-11[IZATLION

The flow process (Figure 1) is quite complex, and experimentation (investi-

g~tion) regarding it is both difficulc and expcnsivu. For such a procbss.

mathematical solation ior outputs in ter~-is (2f inputs is usually niot f- ýAible,

and( computer iimulation is often an effective and effici-ent complement to

experimenotationi.

'"hen a model (mathematical representation) for the process is translated

imto a simulation computer progran, iu omrput%?r representation) io r the

p1ioCtUSS, tlic Proress and the efft-,ts of various factors upon it may be

simulated. The accuracy and precision of the ~ump-,,er simulation increase

a4tC ca d and precision ot the mcccil in, reatv, %;)ich occurs as

knowledge concerrning th2: procesF increases,

Four periods occur in the evolution of a body of knowledge as it matures

from an art into a sciencc; these are d&ccriptior. modeling, prediction, and

contrcol and4 optimiz.ation. Compute r simulation yields appropriate results

jrn Zhe muciclig, prediction, andI control and optinliz/ation periods. With thle

coi-pletion ofi hi5 irivestigation, knowledge conce rninmg th, flow process is

emnezging from the descriF-tior. peciod and entering into th, modeling period.



A program that provides a meaningful framework for the coordination of

experimentation and computer simulation in the analysis and optimiration of

the f'low process is illustrated by Figure 2, and is composed of the following

10 basic stages: - .

1. Quantitative process analysis develops a model by transforming

qualitative elements of the process into numerical form, and by

constructing a model for relationships among component parts of
the process. The transformation of elements is accomplished by
arranging the elements into an informative detailed (local) structure,
and then associating a meaningful number with each element.
Construction of the model is accomplished by arranging the compo-
nent parts into an informative general (global) structure, and then

specifying the general form for meaningful relationships among
component parts.

2. Experimental trial produces experimental data.

3. Model estimation produces, from experimental and available
auxiliary data, estimates of unspecified constants in the general
form of relationships in the model; and a preliminary, but insuffic-
ient, evaluation and validation (positive check) of the process
representation by the model.

PROGRAM FOR ANALYSIS AND OPTIMIZATION

FIGUR! 2

9



4. Simulation programming translates the model into a simulation
computer program.

5. Simulation trial produces simulation data.

6. Model and simulation data toaiparison provides an evaluation and
validation of the model's representation by the simulation computer
program.

7. Experimental and simulation data cotnparison provides an evaluation
and validation of the process' representation by the combination of
model and simulation computer program. Thus, the process'
representation by the model is indirectly evaluated and validated,
given that the model's representation by the simulation computer
program h'is been validated.

8. Experimental and simulation data analysis characterizes and evalu-
..... ........ -- ates the process, in terms of criteria and constraints, and suggests

modification of the process for optimization (achievement of
sufficient improvement).

9. Optimization modifies the process and applies appropriate stages of
-- the program to the modified process, in an iterative manner until

sufficient improvement is achieved.

10. Design of experimental and simulation trials aids optimization.

For the design of a new flow procese, the approach of this program may be

modified to yield a program for design and optimization (Figure 3). The

application to a process or system in general, of botn the program for

analysis and optimization and the program for design and optimization, is

presented in Reference 2.

REFINED ANALYSIS OF THE DATA

Because only a small fraction of the effort expended in co]lecting data is

typically devoted to their analysis, a .k-ge amount of the information they

contain %,eneirally is undiscovered and unexploited. A more profound under-

standing ,af the flow process may be acihieved ihrough more refined analysis

of the data, as follows:

0 Investigation of t'c effect of organization aize, industry, and
interviewer bias upon answers to questions.

* Improvement in the arrangement of responses to a question, and the
association of a numerical ,alue with each response, with the objec-
tivf of improving the linearity of relationships among questions.

10
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PROGRAM FOR DESIGN AND OPTIMIZATION

FiGURE3

* Division of the 1, 500 users into appropriate groups fo: analysis and
comparison, such as the three groups formed by those who acquired:
conceptual information, design and performance information, and"production information.

0 Incorporation into the a10 alysis of differences between the corres-

ponding characteristics of the desired and actually received
informa'ion, and additional special indexes.

0 Reformulation and re-estimation of appropriate linear relationships
among questions, to reflect the above improvements and to investi-
gate more specific relationships which involve only single questions
(rather than combinations of related questions).

* Formulation and estimation of additional linear relationships within
the flow process, such as those which reverse t'ie input/output
relations of the flow process (under the charaw.terization below)--
for the investigation of the selective dissemination of information.

11
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CHARACTERIZATION OF THE FLOW PROCESS

The findings of the investigatiun, which characterize the flow process, are

highlighted in this section. They are illustrated by the accompanying figures, -

and supported by the numerical results in Volume III of Reference 1.

TYPES OF INFORMATICN

Almost one-half of the information was in engineering fields, and almost two-

fifths of it wag in scientific fields (see Figure 4). In the conceptual -de sign

and performance -production c~clc, over 60% of the information involved

design and performance (Figure 5).

MEDIA FOR CONVEYING INFORMATION

Oral information was wanted more than one out of three times, and semi-

formnally written information also was wanted more than one out of three

FIELD OF IV4FONMATION AX1

FIGURE 4

13



CONCEIPTUAL.-DIGN AND PMRF ANCE PRODUCTION •"A

CYQ.E LOCATION OF INFORMATION

IX

FIGURE 5

times (Figure 6). Over 601 of the information was desired in mare than one

document (see Figure 7). Almost three-fifths of the time, a specific answer

was needed; and over one-third of the time, a detailed analysis was needed

(see Figure 8).

FIRST SOURCE CONTACTED FOR INFORMATION

Eighty percent of the time, the users first searched for information within

the local work environment (see Figure 9). The local work ervironment

extends only as far from the user as an internal consultant. It does not

extend as far from him as his organization's technical information center

(library), which is his connection with the formal information system.

ACQUISITION TIME FOR INFORMATION

Almost one-half of the information was needed within 7 days, and almost

three-fourths of it was needed within 30 days (Figure 10). Except for 5% of

14



DESIRED COMPOSITION OF INFORMATION MEDIA

ORAL 37%

INFORMAL DOCUMENTATION .-

SEMIFORMAL DOCUMENTATION REPnRT S 0mER 14 '
ICOMPANY & GOVENMENT PUBLICATION)

FORMAL DOCUMENTATION D D

IP HI1ING HOUSE, ETC.) I~JlilJ95
A. THOSE RESPONSES WITH OVER 3 PERCENT ARE: "ORAL CONTACTS-ALL OTWr" (18%1 AND

"ORAL CONTACT WITH MANUFA•CIRERy a.5%,.

B. THOSE RESPONSES WITH OVER 3 PERCENT ARE: "PERSONAL NOTES PERSONAL LOGS AN-
PER•SONAL FlLES ')" f "CORRESPONOENCE. MEMOS AND TWX" (64. AND 'DRAWINGS
AND SCHEMATICS" (di).

C. THOSE RESPONSES WITHOVER) PERCENTAREi "SYSTEM SPECIFICATION DOCUhMENT
(4. 5%) AND 'MANUALS" 0. 5%).

D. THOSE RESPONSES WITH OVER 3 PERCENT ARE: "JOURNALS" (4.5%) AND TEXTBOOKS (3). 0.
ROUtE 6

DESIRED VOLUME OF INFORMATiON MEDIA

40,

35 3

30-%«5

25

~~ZD 21.5% '

15 -

RECALL ONE REPORT SAMPLING OF ALL MATER IALOR DOCUMENT DOCUMENTS AVAILABLE Ot



DISWAD DEPTH OF VVIDIIIIIATtON MEDIA

60

50

205

10

ONCE OVER SPECIFIC DETAILED
LIGHTLY ANSWER ANALY S IS

FIGURE 8

FIRST SOURCE CONACTED FOR INFORMATION

FIGURE 9
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DESIRED ACQUISITION TIME FOR INFORMATION

40

301

i20 19%15 .5% . .... .. ---

10 /?s ~~~7.5%_ ,£-

RECALL LESS THAN 1-7 8-30 31-90 OVER
ONE DAY DAYS DAYS DAYS 90 DAYS

FWIURE 10

the information. the information needs were satisfied within the allowable

ecquisition tin.c (see Figure II).

UTILIZATION OF INFCRMATION

Over two-fifths of the information was uqed throughout the entire task, and

over one-third ot it was used in major portions of the task (Figure 12).

Almost 80W of the information was absolutely essential to the task, and over

15% of it was extremely helpful in the task (see Figure 13).

UTILIZATION OF THE INFORMATION SYSTEM

Of the users, 95% utilized their organization's technical information. center

(library), and over 500 utilized it twice a month or more (Figure i4).

Title listings or abstracts of information media would have been useful for

finding more than two-fifths of the needed information. However, the

17



TIMELY ACQUISITIN OF INFORMATION
41,%

ON TIME~

~36 5

"24

9 ,-LATE
6 2.5%

3 V4*5

RECAL THAN •-AS 300DIRDA DAYS ASY

FIGURE 1 I

EXTENSIVENESS OF INFORMATION UTILIZATION

THROUGHOUT
ENTIRE TASK - . --- -, 4 %

IN MAJOR
PORPORTIONS OF TASK - 34%

IN SMALL
PART OF TASK n1.5 %

AS BACKGROUND
INFORMATION 1 1.%

AS LEAD TOOTHER
INFORMATION 013%

NOT AT ALL 1%

FIGIUIE 12
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ESSENTIAUTY OF INFORMATION UTILIZATION

ABSOLUTELY ESSENTIAL -/ 7787777-70A

EXTREMELY HELPFUL

SOMEWHAT HELPFUL 4.5%

NEITHER ESSENTIAL NOR HELPFUL 9 0. 5%

FIGUKE 13

UTILIZATION OF ORGANIZATION'S TECHNICAL M43M

INFORMATION CENTER

USE IT TWICE A MONTH535
OR MORE

USE IT ONCE A MONTH 14.5%

USE IT ONLY ON AN
AS-NEEDED BASI S 27%

NEVER USE IT 5%

FIGURE 14
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Technical Abstract Bulletin (TAB) was utilized by less than two out of five

users; and it was unknown to over two out of five users (Figure 1 5). Less

than 20% of the users utilized the Scientific and Technical Aerospace Reports

(STAR), while over 60%0 of them did not know of it (Figure 16).

Over two out of five users encountered difficulties in the utilization of the

information system. Lack of timely awareness of informationi accounted for

almost two-fifths of these difficulties, and tack of timely acquisition of

information accounted for over one-hall of them (see Figure 17).

SCIENTIFIC OR TECHNICAL TASKS

More than 50% of the tasks were in engineering fields. and more than 30% of

them were in scientific fields (see Figure 18). In the research-development-

production cycle, almost two-thirds of the tasks were development

lFigure 19). Two out of three tasks involved design and performance, within

the conceptual-design and performance-production cycle (see Figure 20).

M.43405

UTILIZATION OF TECHNICAL ABSTRACT BULLETIN

USE IT 35%

KNOI OF, BUTr DO NOT USE IT 21.5%

00 NOTlKNOWOFIT 4 .5%

FIGURE 15
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UTILIZATION OF SCIENTIFIC AND TECHNICAL AEROSPACE REPORTS

i-

USE IT- 185

KNOW OF, BUT DO NOT USE IT 18%

DO NOT KNOW OF IT 63..%

FIGURE 16

UTIUZATION AWARENESS, ACQUISITION AND UTIUTY DIFFICULTIES

UTILIIV i 4% 2.5% BOTH
UTILITY OF JT1T .1j 

i

INFORMATION 
75INTERNAL' \UEMTWAL TO

T0COMIPANY COMPANY

TIMELY 27.5% 9%
AUINFSRMATION NTERNAL TO COMPANY EXTERNAL TO COMPANY BOTH

i1.5 1-2••.5%
*TIMELY

AWARENESS NTT COMPANY EXT. TO COMPANY
OF INFORIMATION OT 39.51

31% 524
INTRNA %&TENAL BOTHTO COMPANY TO COMPANY

*BASED ON€ THE CATEGORIZATION OF 6,?8 A PPROPRIATENARRATIVE ANSWERS, OF THE 639 ANSWER S TO THE QUESTION.

FIGURE 17
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FIELD OF TASK

FIGURE is

RIDE-ARC4 -DEVELOPMENT-PAODUCfl0P4 CYCLE LOCATION OF TASK M-4IM

FIGURE 19
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CONCEPTUAL DESIGN AND PERFORMANCE PRODUCTINON
CYCLE LOCATION OF TASK

I i

1 
-

FIGURE 20

USERS OF SCIENTIFIC AND TECHNICAL INFORMATION

Over one-half of the users held engineering positions, and almost one-third

oi them held scientific positions (Figure 21). In the research-development-

production cycle, two out of three users occupied development positions

{Figure 22). Ot the users, 40% were not managers, and over 30% managed

from one to five persons (see Figure 23). More than one-half of the users

possessed a bachelor's degree, and almost one-third of them possessed an

advanced degree (see Figure 24).

In general, these significant users of scientific and technical information

were the real users of the information system--and also the ones most

frustrated by difficulties involving its use.

23



USER'S FIELD OF POSITION

FIGURE 21

USER'S RESEARCH - DEVELOPMENT - PRODUCTION
CYCLE LOCATION OF POSITION

FIGURE 22
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___ ___ ___ _ _ __ _ -__

NUMBER OF PERSONNEL MANAGED BY USER

55 .

4,5 -

k040051

35 - ': 3 •= - • -

315%
30 -

N25 1

20

USER'S HIGHEST DEGREE

55 53%

35

10

25 I5

20

50

NONE AA BA, BS MAoMS EDD~rLL8 PtcMO

FIGURE 24

22

20
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FLOW PROCESS FROM AN INPUT/OUTPUT POINT OF VIEW

For design and analysis of the flow process, it is meaningful to consider the

flow process from an input/output point of view. Input represents "tendency

to influence, 11 output represents "tendency to be influenced, " and an arrow

represents "the tendency of influence from input to output.

The components of the flow process are USER, TASK, UTILIZATION, and

SEARCH AND ACQUISITION. For the flow process in general, USER and

TASK act as input components; and UTILIZATION and SEARCH AND

ACQUISITION act as output components (Arrow I in Figure 25). The other

input/output relations among components of the flow process have the

following:

0 USER as input component, and TASK as output component (Arrow 2
.in Figure 25).

0 USER as input component, and UTILIZATION as output component
(Arrow 3 in Figure 25).

-INPUT.OUTPUT RELATIONS AMONG COMPONENTS OF FLOW PROCESS

USER OF SCIENTIFIC UTILIZATION OF
AND TECHNICAL INFORMATION
INFORMATION SY STEM

TECHNICALACUSTO

TASK • IES

*THE ARROWS POINT FROM INPUT ITENDING TO INFLUENCE, TO OUTPUT (TENDING TO
BE INFLUENCED).

FIGURE 25
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0 USER, TASK, and UTILIZATION as input components, and SEARCH
AND ACQUISITION as output component (Arrows marked 4 in
Figure 25).

Within each component, there are input factors and output factors. Factor

represents "combination of related questions. " Figures 26 through 30 pre-

sent input and output factors for USER, TASK, UTILIZATION, SEARCH AND

ACQUISITION, and the flow process, respectively. In these figures, input

factors are ranked in order of their overall contribution to the relationships

within the stated component(s).

One must realize, however, that the statistical techniques of the analysis

can merely characterize a relation. They cannot imply that a relation is

cause-and-effect, for this can only be determined by a thorough understanding

of the flow process.

-

USER INPUT AND OUTPUT FACTORS

* USER'S HIGHEST DEGREE 0 USER'S RESEARCH-DEVELOP-
MENT-PRODUCTION CYCLE

0 USER'S AGE LOCATION OF POSITION

* USER'S FIELD OF DEGREE * USER'S FIELD OF POSITION

0 USER'S JOB AND COMPANY * USER'S MANAGEMENT AND
EXPER IENCE SALARY LEVEL

FIGURE 26
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TASK INPUT AND OUTPUT FACTORS

0 USER'S RESEARCH-DEVELOPMENT- 0 FORMALITY AND TYPE OF
PRODUCTION CYCLE LOCATION OF TASK OUTPUT
POSITION

* USER'S FIELD OF POSITION

0 TASK INITIATOR AND RECIPIENT

E SEEARCH-DEVELOPMENT-PRODUCTION 0 TASK DURATION AND
"CYCLE AND CONCEPTUAL-DESICN AND PERCENT OF TIME
PERFORMANCU-PROOUCTION CYCLF
LOCATION OF TASK

- FIELD OF TASK

* USER'S HIGHEST DEGREE

- USER'S MANAGEMENT AND SALARY LEVEL USER-TASK FLEXIBILITY INDEX

FIGURE 27

M-411
UTILIZATION INPUT AND OUTPUT FACTORS

* USER'S RESEARCH-DEVELOPMENT- * UTILIZATION PROPRIETARY
PRODUCTION CYCLE LOCATION OF AND SECURITY RESTRICTIONS
POSITION

* USER'S HIGHEST DEGREE 0 UTILIZATION AWARENESS,ACQUISITION AND UTILITY

SUSEN AND SAARY IFFICULTIESLEVEL

* USE OF SPECIALIZED INFORMA-
TION CENTERS

- USE OF ORGANIZATION'S TECHNICAL S UTILIZATION EFFORT INDEX
INFORMATION CENTER

* USE OF SPECIALIZED INFORMATION

SERVICES

* USE OF TECHNICAL ABSTRACT BULLETIN 0 UTILIZATION PROBLEMS INDEX
AND DOCUMENTATION CENTER

FIGURE 28
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SEARCH AND AC S4TION INPUT AND OUTPUT FACTORS ~
* UTILIZATION EFFORT INDEX *LOCATION OF ANDo mr USED FIRST
0 OfESI1RE D VOLUM AND DE PTII SOUMCa FOR INFORMATION

OF INFORMATION &IE2A * LOCATION OfAND ACQUISITION FROM
* DESIRED COMPOSITION AND LAYOUT FIRST SOURUX FOR INFORMATION

OFINFORMATION A90A * ACTUAL VOLUMEANODDPTH OF
6 TASK DURATION AND PERCENT OF TINEtVR~lO~I

* RESEARCI4DEVwlO~WNt-POODUCTION 0ACTUAL COMPOSITION AND LAYOUT
cCYCLEANDCWPUAL-DoSIGN ANDo OF INFORMATION AOI A
PEWR OMANCIXPRODUCTION CYCLE 0 CONCEPTUAL-DES ION AND PIUFOR.
LOCATION OF TASK MANIXfPROOILCTiON CYCLE

0 D S KI RE COU4CIPTTJAL-(S I ON AND LOCATION OF INFORMATiON
PERrOMANCE-PRODUCTION CYCLE 0 FIELD OF INFORMATION

LOCTIO OFII~RMAION0 DESIPID ACQUISITION TIME FOR
* FORM&ALITY AND rYPILOF TASK OUTPUJT INFORMATION

* USER'S MANAGEMEINT AND SALARY LMVL 0 ACTUAL ACQUISI1TION TINE FOR
0 UTILIZATION PROBLEMS INDEX INFORM'ATION

6 CONTRIBUTION OF INFORMATION
0 FIELD OF TASK TO TASK
0 USER'S RESEARCH -DELOPWPiT- 0 USEFULNESS OF TITLE LISTINGS OR0-

PRODUCTION CYCLE LOCATION Of ABSTRACTS FOR INFORMATION -

POSITION 0 DISCOVERY OF POST TASK INFORMATION
* TASK INITIATOR AND RECIPIENT 0 SEARCH AND ACQUISITION
0 USER'S FIELD OF POSITION INADEQUACY INIDEX

FLOW PROCESS INPUT AND OUTPUT FACTORS

121OF SPECIALIZED IWWWATION COSn3
of I~toll 12101 SPICIALIZI INFORMATION SERVICES

m a HIGHEST 12F101TCMNI CAL ABSTRACT SUULLIN AND DOCUMNTrATIoN CoM

'A~I Mn~blUZAI PROPRIETARY AND SECURITY *ESlRICtloNIS
W X431 t 'UTILUZAtIONAWAROESS, ACrIJISItIOlNAM UVLITY OIffTICUTES

UTILIZATION EFFORT INDEX

UTLZAINPROKES U #NM

t SISIRM VOUM AND DEPTH OF INFORMATION MEDIA
DESIRED C~OI"TIO" AND LAYOUT OF INFMAtIlN MEDIA

TIN LOCATION OF ANDO SWf USED FIRST SOURE FR UINFORMATION
USESFO.~CuLOCATION OF MID ACOUI SITION FROM FIRST SOURE FR PU I#MftION

POS EI iO F ACTUAL VOUM AND DEPTHI OF SINORMATIO NFDUA
VtMAI SY AM ~ACTU04 COMPOSITION ANM LAYOUT OF INFORMATION MIDIA

FIELD OF TASK iA1tAfltPEFRMNROUlNCYL

P ~DESIRED ACQUISITION T1 PUE IN iORMAITION4
USER'S AGEACTUAL ACQUISITION TlN4 FOR IFWOATlON

VIEW or 0SIITION OF INFORMATION 10 TASK
U$EF"$~S OF TITLE LISTINGS OR AISTRACTS MR INFORMATION
DISCOVERY OF POST TASK INFOMATTIO
Sme ANCAD ACQUISITION INADFOIMCY lIN

ROMUE 30
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ANALYSIS OF FLOW-PROCESS DATA

OVERVIEW OF TIlE ANALYSIS

The data consist of 1, 500 transcribed interviews, each containing answers to

55 questions having allowable responses which are qualitative, and 8 questions

having allowable responses which are quantitative. Figures 4 through 24

summarizre the responses to 21 significant questions, and Figures 26 through

30 summariz~e the subject of all but eight less-important questions. For a

complete listing of questions and their responses, Appendixes 5 and 6 to

Volume 11 of Reference I should be consulted,

Detailed information describing small portions of the flow process is provided

by one-way and two-way frequency distributions (for example, Figures 4

through 24). A one-way frequency distribution is the distribution of the

percentage of answers to a question that corresponds to each (allowable)

question response, and a two-way frequency distribution is the distribution

of the percentage of answers to a pair of questions that corresponds to each

pair uf (allowable) question responses (see Table I).

In addition, the relationship analysis cycle yields general inlcrmation

describing both small and large portions of the flow process (for example,

Figures 26 through 30). In this cycle, qualitative question responses are

transformed into numerical form, a process model for linear relationr .ps

among questions is constructed and estimated, and numerical relationship

results are transformed back to qualitative form (see Figure 31).

Transformation of qualitative question responses into numerical form is

accomplished by arranging the responses into an informative detailed (local)

structure, and then associating a meaningful number with each response.

The construction of a process model for linear relationships among questions

is accomplished by arranging the questions into an informative general

(global) structure, anti then specifying the general form of meaningful linear

relationships among questions. Next unspecified constaits, in the general

form of these relationships in the process model, are estimated from the
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Table I

ONE-WAY AND TWO-WAY FREQUENCY DISTRIBUTiONS

One-Way Frequency Distribution

Question 22: Desired Volume of Information Media

Response Frequency (%)

All from recall 7

One report or document 30

A sampling of the reports and documents available 22
All reports and documents that could be found pertinent
to the question 41

Two-Way F'-equency Distribution

Question 25: Desired
Depth of Infor, ation
Media

Question 22: Desired A once A A
Volume of Information over specific detailed
Media lightly answer analysis

All from recall 0% 5% 2%0

One report or document 2% 18% 10%0

A sampling of the reports and documents
available 3% 10% 9 %0

All reports and documents that could be found
pertinent to the question 2 23% 161,'.-

data by employing the statistical technique called stepwise regression analy-

sis. Finally, numerical relationship results are transformed back to quali-

tative form by ranking questions in the order of their contribution to each

relationship, and then in the order of their overall contribution to the relation-

ships in each component of the flow process and the flow process itself.
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FIGURE 31

The relationship analysis cycle is believed to be novel in the field of infor-

mation science. Ita employment ar~d tebsting in this investigation have yielded

results that are encouraging, and ir,,plications for the future that are

provocative.

REQUIREMENTS OF TILE ANALYSIS

An analysis ought to operate upon the data in such a way, and to such an

extent, that the analytical requirementu are met. What an analysis ought to

accompli3h is determined by both the data and the analytical requirements.

The weaker the data or the stronger the analytical "equirements0 the

stronger should an analysis be.

An analysis should provide a bridge between the data, and meaningful con-

clusions and recommendations. It should bring the information content of the

datu into focus. It should transform appareri. chaos into orderly findings,

which readily lead to conclusions and recor,.rnier.dat1.oun.
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To achieve this, an analysis must organize, summarize, and interpret the

da.a. The methods of summarization employed by an analysis ought to be

sufficient to bring both the detailed and general information content of the

data into focus. Higher-order effects are indicated by detailed information,

whereas lower-order effects are indicated by general information.

Detailed information is relatively close to the surface of the data, and

- requires a relatively small amount of summarization to be brought into focus.

The more the detail, the less the summarization required. On the other

hand, general information is buried relatively far beneath the surface of the

data. and requires a relatively large amount of summarization to be brought

into focus. The more the generality, the more the summarization required.

-By its very nature, detailed information describing only small portions of

-the flow process may be comprehended at once. However, general informa-

tion describing either small or large portiona of the flow process may be

comp-cnended at once. That is, only small amounts of great detail may be

simultaneously digested; whereas, either small or large amounts of little

detail may be simultaneously digested.

Consequently, the analysis first should summarize the data until their

detailed information content, describing only small portions of the flow

process at once, is brought into comprehensible focus. It then should con-

tinue to summarize the data until their general information content,

describing both small and large portions of the flow process at once, is

brought into comprehensible focus. (jlerwise, any interested person will

be forced to accept only the data's detailed information content; or to himself

perform additional summarization, so that the data's general information

content is brought into comprehensible focus.

STATISTICAL CONCEPTS

To aid the translation of these general analysis requirements into specific

ai-alysis objectives, pertinent statistical concepts are briefly introduced and

discussed in the following par-tgraphs.
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Frequency Distributions

One-way and two-way frequency distributions have been defined above.

Higher-order frequency distributions are similarly defined. Frequency

distributions necessitate the simplest operation upon the data, and contain a

wealth of detailed information regarding variation in the data; however, they

provide the minimal amount of summarization.

The usual procedure for summarizing a one-way frequency distribution is to

combine some question responses. and/or to obtain measures of the one-way

frequency distribution's location and spread. The distribution's location may

be measured by its mode if the qualitative question responses are not

arranged into an order, by its median if the qualitative question responses

are ordered, and by its mean if the question responses are quantitative.

Measures of the distribution's spread are its range if the qualitative question

responses are ordered, and its standard deviation if the question responses

are quantitative. More definitive information is obtained by this summariza-

tion when the qualitative question responses are ordered, and even more

definitive information is obtained "hen the question responses are

quantitative.

Summarization of two-way frequency distributions is both more necessary

and more difficult to perform. The first step is to combine some responses

for each question, and/or to obtain measures of the location and dispersion

of each question's one-way frequency distribution. Then a measure of the

association or interaction between the two questions is sought. If the quali-

tative responses to each question are ordered, the interaction between the

two questions may be measured by the rank correlation (coefficient); and if

each question's responses are quantitative, the interaction may be measured

by the correlation (coefficient). An indirect approach to measuring this

interaction when the question responses are qualitative is provided by Chi-

square, which indicates the departure of the questions from being independent

or not related.

35



Computation of the rank correlation automatically associates the numbers 1.

2, ... r. with the first, seo~ond. nth responses to these questions. On

* the other hand, the computation of t.Ie correlation depends upon the quantita-

tive responses to each question, or the numbers associated with the responses

to each question.

As for one-way frequency distributions, more definitive information is

obtained by this summarization when the qualitative question responses are

ordered, and even more definitive information is obtained when the question
responses are quantitative. Arrangement of question responses into an
informative order is called development of a detailed structure, while

association of a meaningful number with each response is called definition

of a numerical description for the detailed structure. The development of a

detailed structure, followed by the definition of a numerical description for

the detailed structure, transforms the qualitative question responses into

* numerical form.

Higher-order frequency distributions become increasingly harder to generate,

depict, and comprehend. Consequently, their summarization becomes both

increasingly more necessary and more difficult. They are of relatively little

analytical use, except in rare instances.

Relationships

For questions with quantitative responses, a relationship among questions is

a mathematical expression of the variation in one question as a function of the

variations in the other questions. It is frequently both convenient and

sufficiently accurate--for example, during exploratory research such as thir

investigatior--to represent a relationship by a linear one, which depicts the

variation iii one question as a linear combination of the variations in the other

questions. The general form of a linear relationship is written:

Y 0 + PI X, + +.. X ++

with Y being one question, XI, XZ .  Xp being the other questions, Po,

P .. P p being the unspecified constants or coefficients, and b ecing the
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residual. The correlation, in reality, measures the degree of linearity for -

the interaction between the two questions; or the closeness of the two ques-

tions to being adequately represented by a linear relacionship,

Y o + X + ,

between one question Y and the other question X.

The analysis of relationships requires not only quantitative data, but also

specification of the general form for meaningful linear relationships among

questions, In turn, the specification of the general form for these relation- .

ships requires that the questiono be arranged into an informative order.

Arrangement of questions into an informative order is called development of

a general structure. The development of a general structure, followed by -

the specification of the general form for meaningful linear relationships

among questions in the general structure, accomplishes the construction of

a process model, Consequently, the analysis of relationships depends upon

both the transformation of qualitative question responses intc numerical

form, and the construction of a process model for linear relationships among

questions.

Comparison

Two-way frequency distributions are easy to generate, and their concept is

easy to understand. They summarize relatively little, however, and their

information content is difficult to comprehend without additional summarira-

tion. On the other hand, relationships are not as easy to obtain and to

understand in concept; but they do summarize a great deal, and their infor-

mation content is easy to comprehend without additional summarization.

Let the responses to one question be associated with the X-axis, and the

r-.sponsee to another question be associated with the Y-axis. Then a two-

way frequency distribution may be viewed as a geometric representation for

the distribution of the answers to the two questions. in which each percentage
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gives the proportion of answer-pairs which are associated with the corres-

ponding response-pair point. In addition a linear relationship.

Y = A + P, + .

may be viewed as a natural summarization of the two-way frequency

distribution. It replaces the geometric representation of the distribution

with a line through it, and with an analytic representation of the distribution

and the line. The more the distribution tends to cluster closely around a

line, the more appropriate is a linear relationship: and the higher is the

correlation between the two questions. Figure 32 presents an example,

using the two-way frequency distribution from Table I (for which a linear

relationship is not very appropriate).

Although two-way frequency distributions may be summarized to present

some general information regarding the interaction of the two questions, they

are limited to describing only small portions of the flow process at once.

REPRESENTATION OF A TWO-WAY FREQUENCY DISTRIBUTION um

ALL REPORTS AND DOCUMENTS 2% 23w 16%
THAT COULD BE FOUNO
PERTINENT TO THE QUESTION

ca%
A SAMPLING OF THE REPORTS
AND DOCUMENTS AVAILABLE

a QUESTION 22 - I0 UESTION 25) + f

SONREPORT
DR DOCUMENT

0% 5% 2%
-ALL FROM

RECALL

A A A
ONCE SPECIFIC DETAILEDOVER ANSWER ANSWELIGHTLY

OIJESTION 5: DESIRED DEPTH OF
INFORMATION MEDIA

FIGURE 32
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Relationships, however, are not limited at all, and may be used to describe

either small or large portions of the flow process. In addition, relationships

sufficiently summarize the data by an analytic representation, to bring its

general information content into focus. They provide a natural summariza-

tion of not only two-way, but also higher-order, frequency distributions.

For a detailed analysis of the data, two-way frequency distributions are

necessary. The analysis of relationships is required for a general analysis -

of the data. In addition, it is useful for such purposes as the planning and

analysis of additional investigations, and the program for analysis and opti-

mization of the process. Relationships provide a global view of large portions

of the flow process, which also enables many small portions of the process to

be examined simultaneously and their relative importance evaluated,

The analysis of relationships has many advantages over the generation of

two-way frequency distributions. One must. however, realize that these

advantages have to be paid for by the transformation of qualitative question

responses into numerical form. and the construction of a process model for

relationships among questions. In addition, the relationship results should

be analyzed and interpreted by techniques which are relatively insensitive

to changes in the transformation.

OBJECTIVES OF THE ANALYSIS

The summarization of data, to bring into focus their detailed information

content describing small portions of the flow process, could be achieved by

means of one-way and two-way frequency distributions for single questions

and pairs of questions. An analysis of relationships among questions could

accomplish the additional summarization of data, to bring into focus their

general information content describing both small and large portions of the

flow process.

Qualitative question responses, however, pose a problem. Although

frequency distributions may be generated for qualitative question responses,

they provide much more definitive information for qutantitative question
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responses. The analysis of relationships, as noted above, requires both the

transformation of qualitative question responses into numerical form, and

the construction of a process model for relationships among questions.

Thus, the objectives of the analysis are to:

0 Generate one-way and two-way frequency distributions for single
questions and pairs of questions.

* Transform qualitative question responses into nutaerical form.

0 Construct and estinmate a process ,nodel for linear relationships
among questions.

0 Analyze and interpret the frequency distribution and relationship
results. to provide meaningful conclusions and recommendations
which are relatively insensitive to changes in the transformation.

FREQUENCY DISTRIBUTIONS

A one-way frequency distribution has been generated for 59 of the 63 ques-

tions. The remaining four questions were narrative and were not categorized.

From the large number of two-way frequency distributions that could have

been generated, 196 were selected for compilation. These were supple-

mented by the analysis of relationships and the complete correlation matrix,

which was a by-product of that analysis.

One-way frequency distributions were transcribed from the marginal

distributions of the appropriate two-way frequency distributions. The com-

puter program employed to generate two-way frequency distributions was

BMD 08D (see Reference 3).

TRANSFORMATION OF QUESTION RESPONSES

As noted above, the transformation of qualitative question responses into

numerical form is accomplished by the development of a detailed structure,

and then the definition of a numerical description for that detailed structure.
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Development of a Detailed Structure

A detailed structure for question responses is developed to serve as the basis -

for the transformation of these responses. In addition, the detailed structure

brings the local aspects of the flow process into focus, and provides a

foundation for a general structure. This detailed structure is formed by the

informative arrangement of question responses.

The first step is to specify the primary unifying characteristic of each

question's responses. This response characteristic shoulý, i. determined

from not only the responses themselves, but also the questi-.'s intent.

The next step is to collect into groups those question responses which are

related by the response characteristic. According to this characteristic, -

an ordering is then arranged for groups and, to the extent feasible, for

responses within groups. All responses to a question may he arranged into

one ordering, if all responses within each Aroup may be arranged into an

ordering. According to the response characteristic, a response or a group

of responses is more similar to responses or groups of responses which are

closer to it in the arrangement, than to those farther away.

Depending upon the implications of the response characteristic, there are

three types of dutailed structure:

* Visible structure, explicitly in-pl.ed by the response characteristic.

* Partially visible structure, implicitly implied by the response
characteristic.

0 Invisible structure, not implied at all by the response characteristic.

A visible structure is obvious, and possesses no flexibility. A partially

visible structure is apparent, but possesses some flexibility, An invisible

structure must be inferred, and possesses considerable flexibility. The

position of responses in the arrangement is meaningful in a visible structure,

and indicative in a partially visible structure, but only descriptive in an

invisible structure.
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Examples of visible, partially visible, and invisible structures are given in

Tables 2 through 4, respectively. For the tables, the Arabic numerals in

parentheses indicate the ordering in the interview, while the Roman numer-

als indicate the ordering in the detailed structure. The numerical descrip-

tion scale is included in the tables.

Definition oi a Numerical Description

When the dtetailed structure is developed, its numerical description is

appropriate. By associating a number with each ordered question response,

the numerical description provides a more exact differentiation among

responses, and enables estimation of the process model which is constructed

Sfor linear relationships among questions. The numerical description also

* represents the data in a form to which a large variety of numerical

techniques may be applied.

Ac'ording to the response characteristic, the base point (zero) for a numeri-

cal scale is selected. With each response. there is associated a numerical

value corresponding to its relative distance from the base point.

Table 2

TRANSFOfOMATION OF QUESTION RESPONSES: VISIBLE STRUCTURE

Question 13: Desired Acquisition Time for Information
Response Characteristic: Days

Informativc Order Scale

1 (01) From recall 0.00

II (02) Less than I day 0.01

I1 (03) 1 to 7 dayN 0. 05

IV (04) 8 to 30 oays 0,20

V (05) 31 to 90 days 01 60

VI (06) Over 90 dayt, 1. 00
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Table 3

'I RANSFORMATION OF ŽUESTION RESPONSES:
PARTIALLY VISIBLE STRUCTURE

Question 14: First Source Contacted for Information
Response Characteristic: Distance from User

Informative Order Scale

I (01) Received with task assignment 0. 00

II (04) Recalled it 0. 05

III (09) Searc hed own collectioni 0. 10

IV (19) Respondent's own action 0. 13

V (03) Assigned subordinate to get it 0. 20

VI (05) Asked a colleague 0. 25

VII (02) Asked my supervisor 0. 30

VIII (08) Reque sled search of departmental files 0. 35

IX (06) Asked an ii ternal consultant 0. 45

X (10) Searched organization's technical information
tenter.

0. 50
X (07) Requested technical information center

search.

X1 (19) Requested data from vendor, manufacturer,
or tiupplier. 0.60

X1 (14) Scardied vendor, manufacturer. or supplier

XII i i) icarchel ouLtsi(dC technical iniforrnation center 0. 70

XIII (1,) Asked an extcrval consultant or expert 0. 80

XIV (13) Requested search of Government Information
Center r ; 0.90

XIV (12) Searched Government Information Center

XV 1 7) Asked customer 1. 00

NI•u distinction is tuade between the two responses in this group of related
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Table 4
TRANSFORMATION OF QUESTION RESPONSES: INVISIBLE STRUCTURE

Question 27: Desired Layout of Information Media
Response Characteristic: Formality

Informative Order Scale

"1 (14) Recall 0. 00
II (13) Telephone conversation 0. 06
III (11) Group discussion 0. 12

-- IV (04) Photographs 0. 19

V (03) Graphics (diagrams, drawings, schematics,
flow charts, graphs, maps) 0. Z5

VI j0Z) Tables or lists 0. 31
VII (01) Narrative text 0. 37

VIII (18) Narrative text, and tables or lists 0. 44

IX (09) Graphics and lists 0. 50

X (08) Photographs and text 0. 56
XI (07) Graphics and tcxt 0.63

XII (16) Graphics, text, and oral 0. 69
XIII (17) Graphics. text, oral, and recall 0. 75
XIV (12) Informal briefi:,g. with chalk or pencil

drawings 0. 82
XV (05) Microfilm or microfiche 0. 88

XVI (06) Slides or motion pictures 0. 94

XVII (10) Formal briefing or lecture 1. 00

Except for two questions, - 1, 0, or a positive integer is associated with
each question response. The two exceptional questions have multiples o!
one-half associated with some responses for convenience. When it is mean-
ingful to consider the response to be null, 0 is used; and when it is meaning-
ful to consider the response as opposite in direction to the remaining

reeponses, -3 is used. Variable spacing between the associated ronubers
indicates that the responses exhibit variable similarity, or distance Irom
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each other, according to tl-, re!sponse characteristic. The same number is

associated witi, two responses to a question if--and only if--the two - .

responses are in the same group of related responses, and the responses

within that group are not arranged into an ordering (that is, are considered to -

be the saire distance from the base point).

The association of a number with each question response associates a scale

of possible numerical values with the question. Then all numerical values

in the scale are divided by the largest one, so that the scale is normalized to

between -I and I -- and usually between 0 and 1.

The value of the numerical description is meaningful for responses in a

• visible structure, and indicative for responses in a partially visible struc-

ture, but only descriptive for resp- *,,es in an invisible structure. Examples

are a 1 !ain provided by Tables 2 thro gh 4.

A detailed structure suggests its own numerical description when the question :-

responses have been properly arranged. For a more refined relationship

analysis, a numerical description could be altered to improve the linearity

of important relationships wh -h involve the corresponding question.

CONSTRUCTION OF A PROCESS MODEL

Development of a general structure, and specification of the general form

for meaningful linear relationships among qestions in the general structure,

accomplish the construction of a process model.

Development of a General Structure

A general structure now is developed to serve as the basis for the construc-

tion of a process model for linear relationships among questions, and to

bring the global aspects of the flow process into focus. This general struc-

ture is iormcd by the informative arrangement of questions.

The first step is to identify the components of the fiow process as USER,

TASK, UTIIAZATT.ON, and SEARCH AND ACQUISITION. The next step is to
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form groups of related questions within components. Then an ordering is

arranved for components, groups within components, and questions within

groups. To the extent feasible, the arrangement should possess the desit-able

characteristic that a question tends to influence only those questions which

follow it.

It is frequently both convenient and sufficiently accurate- -for example, during

exploratory research such as this investigation- -to combine groups of related

questions. The combination of related questions sumrarizes the general

structure, and simplifies the specification and estimation of meaningful

linear relationships among questions.

Two of the simple.t types of combinations are averages and products. They

keep the combination scales normalized to between -1 and 1. Except for the

four cases in which a product of two questions is employed, all of the combi-

nations are averages of two questions.

A special USER-TASK flexibility index F summarizes the flexibility exhibited

by the difference between the user's position within the 'esearch-devclopment-

production cycle and that of his task; and the difference between the user's

field of position, and that of his task. To summarize the effort expended by

* the user in his utilization of the information system and the problenis

encountered by him in this utilization, the respective special indezes, E for

UTILIZATION effort and P for UTILIZATION problems, are introduced.

The inadequacy of the search and acquisition process, for information used

in task performance, is summarized by the special index I for SEARCH AND

ACQUISITION inadequacy. The scales for F. E, P. ana I are also normalized

Qto between -1 and 1.

An example is provided by Table 5, vhich also includes linear relationships.

In this table. 0 denotes Question, and P6 j1j P?.. symbolize general

unspecified constants in the relationships. For simplicity, the same symbols,

' ¢' P32 ..... •P6, are asod in each relationship; although they are not

meant to denote the same constants.
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Table 5

CONSTRUCTION OF A PROCESS MODEL: USER COMPONENT*

I. User's age: Q48

Z. User's education

A. User's highest degres: Q5OA = P0 + P1 (Q48)

B. User's field of degree: Q50C = P0 + PI (Q48)

3. User's exrerience

Combination: I/2 (Q51 + Q52) = P0 + P 1 (Q48)

A. User's job P-perience: Q51

B. User's company experience: Q52

4. User's positior

A. User's position within the research-development-production cycle

Q55 = P0 + P•1 (Q48) + P2 (Q50A) + P3 (050C)

4 (1/2 (Q51 + Q52))

B. User's field of position

Q56 = (30 , P1 (Q48) + P2 (5Q0A) + P3 (Q50C)

+ P4 (1/2 (051 + 052))

5. User's level

Combination:

I/2 (Q49 + Q58) - 0 + 01 (048) + P3 (Q50A) + P3 (O50C)

+ Nl4 (1/2 (Q5 + + Q52)) + P5(Q55) + 6 (056)

A. User's salary level: Q58

B. Number of personnel managed by user: Q49

*Q denotes Question; and P00 3, P2 .... P 6 symbolize general unspeý.ified
constants in the relationships. For simplicity, the same symbols, Pt. 0l,
[,P2,. . are used for each relationship: .ithough they are not meant
to denote the same constants.

A question coribination (component) which tends to influence other combina-

tions of questions (components) is called an input factor (component), and a

combination of questions (component) which tends t(, be influenced by cther

question combinations (components) is called an output factor (component).
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The terms, combination of questions ana question combination, also are used

to cover the degenerate case of a single question--for example, Q56 in

Table 5. Arrange.ment of components and question combinations within

components, sacording to an input/output point of view, facilitates the

specification of the general form for meaningful linear relationships among

combinations of qtuertions. It also provides insight into the flow process.

.. --- When a more refined relationahip analysis is desired, the question cornbina-

tions could be separated, anJ tiore special summarizing indexes could

perhaps be defined.

Specification of the General Form for Relationships

"Once the general st7u.t.-ure is developed and groups of related questions are

S- .... combined, it is appropriate to specify the general form for meaningful linear

relationships among combinations of questions in the general structure.

Analysis of the general structure, from an input/output point of view, yields

those questior combinations which are judged to be potentially related to

each c,-mbinatior, of questions in the general structure. Only the potentially

related question comb~nat'ons are included in the general form of the linear

relationship, for that combination of questions. An example is provided by

Table 5.

When the questions have been properly arranged and summarized by combina-

tion, a general structure suggests the general form for meaningful relation-

ships. A more refined relationship analysis could specify the general form

for additional relationships, particularly those necessitated by the separation

of question combinations.

ESTIMATION OF RELATIONSHIPi

The unapecified constants, in the general form of meaningful linear relation-

ships among combinations of questions, are estimated from the numerically

transformed question responses by the statistical technique called stepwise
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regression analysis. Reference 3 presents a complete description of this

technique. A brief discussion of only the pertinent aspects of stepwise

regression analysis foilows.

Stepwise regression analysis estimates the relationship in steps, by entering

one question combination at a time. At each. step, the question combination

which in entered is the one that adds the greatest contribution to the relation- --

ship from the previous step. A measure of this contribution is the F to

enter of that question combination. The contribution of a question combina-

tion to the relationship at each step is measured by its F to remove at that

step, and the significance of the relationship at each step is measured by the

multiple correlation (coefficient) at that step. Relative significancC within a

relationship is indicate-i by the former, while relative significance among

relationships is indicated by the latter. In addition, the potential contribu- - _

tion to the relationship at each step, of some question combinations which

were not included in the general form of the relationship, is measured by

their potential F to enter at that step.

The computer program employed for the stepwise regression analysis is

BMD 02R (Reference 3).

TRANSFORMATION OF RELATIONSHIP RESULTS

The stepwise regression computer printouts contain a wealth of numerical

detail, concerning relationship results and thcir significance. To make the

conclusions of the relationship analysis relatively insensitive to the trans-

formation of qualitative question responses into numerical form, the numeri-

cal relationship results must be transformed back to qualitative form. In .4

addition, summarization of the numerical detail is quite informative.

Both of these requirements are accomplished by a ranking procedure which:

* Ranks question combinations in the order of their contribution to
each relatinship.
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a Then ranks question combinations in the order of their overall
c.ontribution to the relationships in each component of the flow
process, and the flow process itself.

The former focuses upou a given combination of questions, and observes

which question combinations are most significantly related to it; while the

latter focuses upon the appropriate collection of combinations of questions,

and observes which question combinations are most significantly related to

most of them.

Ranking of Contributions to Relationships

- An effective step in the stepwise regression analysis, beyond which relatively

- little is contributed to the relationship, is determined .vhen the F to enter of

-the question combination entering at that step becomes less than some lower

bound. Analysis of the stepwise regression computer printouts indicates that

a reasonable value for this lower bound is 6.66 (F -evel of 0. 01). When a

question combination is included in the relationship at the effective step, it

is said to be related to the given combination of questions. Those question

combinations, whose potential F to enter at the effective step is at or above

6. 66, are said to be candidates for the relationship.

For each combination of questions in the general structure, the question

combinations which are related to it are ranked in the order of their contri-

bution to the relationship. Table 6 contains an example.

Ranking of Contributions to Components and Flow Process

- These rankings of contributions may be obtained by properly combining the

- rankings of contributions for the appropriate collection of relationships. To

accomplish this, numerical values must be assigned to the relationship

rankings. This return to numerical form is, however, an artifice and only

temporary.

The procedure assigns a value to a relationship ranking as follows: 0 to the

given combination of questions, 1 to the question combination making the
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largest contribution to the relationship, 2 to the question combination making

the second largest contribution to the relationshi. n m to the question

combination making the smallest contribution to the relationship; m + I to the

candidate for the relationship potentially making the largest contribution to

the relationship, m + 2 to the candidate for the relationship potentially making

the second largest contribution to the relationship,..., p -E I I to the candi-

date for the relationship potentially making the smallest contribution to the

relationship; and 12 to those question combinations which do not appear,

although they might have appeared according to the general structure and the

input/output view of the flow process. This value was selected because no

combination of questions had more than 11 question combinations, which

were either related to it or were candidates for the relationship.

Now the sum of these numerical values is computed for a question combina-

tion over each component, and over their aggregate for the flow process.

Then the sums for each component and those for the flow process are ranked

among themselves, in order of increasing size. Only a few ambiguities were

present in computing these rankings and their sums. They involved questions

which occurred in relationships, both alone and in question combinations.

These questions were always associated with the appropr:ate question

combination wbi:c. contained them. Table 7 contains an example.

For a more refined ranking, the significance of the actual or potential

contribution to a relationship and the significance of a relationship could be

employed to compute weights for use in calculating a weighted rum, upon

which to base the ranking. A question combination appoars to make a

significant contribution to the relationship, when its F to remove at the

effective step is between 30 and 90 (30 _ F to remove < 90): and appears to

make a highly significant contribution to the relationship, when its F to

ienmove at that step is at or about 90 (F to remove a! 90). If the multiple

correlation at the effective step is at or above 0. 40 in absolute value, then

the relationship seems to be significant. Those question combinations.

whose potential F to enter at the effective step is at or abcve 30, appear to

potentially miake a significant contribution to the relationship.
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Taible 7

USER RANKSý'

Related 4 J 0 4

Que stion D E .iý

Combinations - o u a~~

X - - 4

Combination of 4J v, qe C, 0 0 w

Questions 4)

User's hilghest degree -- - 0 -- --

Usears field of degreQ 1 2 -- --

User's job and company experience 1 2 -- ---

User's position within the
re sea r h - developme nt - production
cytcl-- I-------------

User's field of position 3 2 1 - -- 4 0o .

User'~s manaigernert and salary
level 3 1 - 2 -- 4 0

Question c ombination column
total 32 8 49 9; ( 52 5-1 60

Question combination rank z 1 3 4 5-1/2 5-1/2 7

vTable encries are assigned, actording to order if appearance in Table 6, as
follows: 0 to combination of questions in "Characteristic" columin: I to first
question comnbination, 2 to second question combination, .. ni to )ast
question comibination in ''Related To'' column; m I to first question combi-
n.,tion, ni 4 2 to second question combination, p 5 11 t~ last question
combination in "Candidate for Relationship" column; and 12, w,.hich is
omitted for simplicity, to those question combinations not appearing.
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It is both informative and suggestive to characterize combinations of ques-

tions as ilput factors and output factors, in designing and analyzing the flow

process (see Figures Z5 through 30). One must realize, however, that

stepwise regression analysib can meiety estimate and indicate the .%:Inifi-

cance of a relationshin. It cannot imply that the relationship is cause-and-

effect, for this can only be determined by a thorough understanding of the

flow process. Therefore the terms, input factor and output factor, .re used

in full recognition of the attendant advantages and disadvantages.

I

t I

II
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PAARTWIt1PATINNU (ORG(AN! ZATlONS

Table A -1 lists thev org~anizations wýhovsu pe rsonnel ,kk ru inte rviuedc tor the

investigation.

Taible A- I (Page I of 3)

ORGiANIZATIONS

Numb.l) r 01f Popuilat ion 01

Persons Qualified
Gr ea ni zat ton Inot erve iwedn Pc a anne

Ac rospaic Corporation 1, 800
Allegheny Lurilur.~ Steel Corporation h t)

Allis-Chalmers Manufacturing Comnpany 2 1 hý5
Amierican Machine &, Foundry Company I I1)0,
Ampex Corporation lo76
Arthur 1). Iitl, in . -1 [)

Armistrong Cork Comipany 4 -110
AVCO Corporation, Re'search ani,

Dt.velopme nt Di viaion A,! ~
The ',abco-v & W 1. ms Comnpany 32 50

Bvcchtel Coripo rat ion 1 To

Bcvcci Aircraft Corporation b 47o
Bell Ac rosystews Company II I1, Ono0
Bell & I owell1 Rese~arch Ccnte i 3 5fU0
The Fcwmii\ Corpo rat ion r"0

Bi5Sett -J Brinan Corporation I o5
The floeing Cowmpany 64t) o

Col - 1'" -ri , I's 7Z5
Cornell At ronalltital I~aborator\, InIc. 6 450

Cu rning I as t, b rK s 5450
Ic ILv.ol T~irhi:*t-, Inc. 2 160

DOI oo:las Aircreialt Company, Ilot 66 S. 645
Dupont C.aany t.45 3, 2t0
Elvctrit Storage I),.tte*. y onl.paniy 1 200

1-' nicrson I-Actri nc Coriqnall of ';t. Loulis 5 325

Ai~v ation Li1visi;'i 1

'I11he person I rorn Republic Aviation hail jus jine thte conipany at whith hel~
~,ts itrI'llt. Ills ciiuz%%rs to quutstionts rvflutt hits position, task, aovl

SO for-th, at Rtpuuhbli Aviation.
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Iabtile A-I (Page Z ol 3)

Numiber of Population of
Persons Qualified

Organization Interviewed Personnel

(CA Corporation, Technology Division 3 145
General Dynamics Corporation 129 13. 1S5
General Precision, Inc, , Link Group 8 315
Goodway Printing Company, Inc. 3 200
Hamilton Watch Company 1 110
Hlazeltine Corporation 10 800
Hercules Powder Company 23 1, 350
Honeywell, Inc. , Aeronautical Division 12 910
HRB Singer, ;nc. 6 3Q5
IBM, Federal Systenis Di-Uron 34 3, 780
Ingersoll-Rand Company 1 55
Institute for Defense Analysis 15 400
Institute of Science & Technology 4 475
International Harvester Company,

Solar Division 4 250
Inteýrnational Resistance Company 1 65
Johns Hopkins University, Applied Physics

Laboratory 14 860
Kollsman Instrument Corporation 4 250
Lear Siegler, Inc. , Power Equipment Division 9 255
Leesona Moos Laboratories 1 100
Ling--Temco-Vought, Inc. 63 3, 500
Loral Electronics Systems 4 350
Lord Corporation 2 125
Lundy Electronics K. Systems, Inc. 1 60
Management Systems Corporation I 20
Massachusetts Institute of Technology 32 2,000
Monsanto Company 44 3, 500
Martin Company !00 7, 000
McDonnell Aircraft Corporation 27 1.900
Melpar, Inc. 8 900
Meriasco Manufacturing Company 1 65
North Anmerican Aviation, Inc. , Columbus

Division 21 1, 570
North Ameri.kan Aviation, Inc., Divisions in the

Los Angeles Metropolitan Area 269 18, S90
Northrop Corporation 29 1.730
Olin Research Center 4 300
Otis Elevator Company 1 50
Philco Corporation 26 5,000
Pittsburgh Plate Class Company 3 225
The Rand Corporation 11 750
Raytheon Company 49 4.000
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